The Agaricus blazei strain (KUMB 1221) from Forest Production Control Laboratory, Kyushu University was grown on the basal media of compost mixed with selected agro-residues (sawdust, woodchips and corncob) in the ratio of 25%, 50%, 75% and 100% (by weight). The data was collected on the colony diameter of mycelial growth, days required for spawn run (colonization), days required for primordial formation, whiteness measurement, days required for fruit body formation, number, size and fresh weight of mushrooms, biological efficiency (BE) and mushroom production (MP). It was observed that the mycelial growth showed two types of mycelia according the level of mycelial density; compact (C) and somewhat compact (SC). The fastest spawn run (17 days) was found in woodchips (50%) among all the different treatments while the least spawn run took 26 days in corncob (75%). Sawdust substrates promoted longer days for primordial formation and fruit body development, if compared with woodchips substrates and corncob substrates. With regard to yield, 100%, 75% and 50% mixture with compost were superior to 25% mixture with compost in each group of selected agro-residues and it indicated that adding more compost gave the increased yield. Interestingly, it was noted that mushroom size on compost (100%) was double to the mushroom size of other treatments. In conclusion, it was clearly showed that compost (100%), woodchips (25%) and corncob (25%) could produce better yields among all treatments, and it was also possible to obtain acceptable yields of good quality almond mushroom using main substrates of compost mixed with different agro-residues at various concentrations.
Introduction
Mushrooms are an important product in global trade with an estimated production of 3.4 million metric tons in 2007 [1] . They have attracted the attention of the biotechnological industries as food supplements or materials for developing medicines [2] . The mushroom species of Agaricus blazei (Cogumelo do sol), Agaricus bisporus (Champignon), Pleurotus sajor-caju (Oyster mushroom) and Lentinula edodes (Shiitake) are of important economic value on account of their exquisite flavor and proven medicinal properties [3] . The A. blazei is naturally found on organic litter which has already been occupied by the first stage decomposers capable of digesting complex lignocellulosic components [4] . It has been referred to by various names, in China as Gee Song Rong or Brazilian mushroom, in Brazil as mushroom of God (Cogumelo de Deus) or mushroom of the Sun (Cogumelo do Sol) [4] and Himematsutake in Japan [5] . Recently, it was discovered that both mycelium and fruiting bodies of almond mushroom unusually have high concentrations of beta glucans, immune-potentiating polysaccharides, which also inhibit the growth of malignant tumors [5] . Then, the popularity of this mushroom is increasing rapidly.
Nowadays it is also cultivated at the industrial level in Japan, China and Korea [6] . With regard to its production level, it is still very low compared to A. bisporus [7] , thus, it is needed to develop substrate meeting requirements of almond mushroom and to produce higher biological efficiency. A cheap and stable source for commercial purpose is still sought. Stamets reported that each mushroom species thrives on a limited range of substrates and strains within a species are even more specific in their habitat requirements, temperature preferences, and their flushing intervals [8] . Hence, it is still necessary to develop a proper technology and adapt its each species requirements for cultivation due to different ecological conditions of the countries. Even though horse manure with combination is used as basal media for cultivation, several researchers have modified the composition of the substrates by using different agro-residues compost to increase its yield. There is no standard formulation for substrate compositions and on the other hand, few scientific studies have still compared the effectiveness of different substrates on the productivity of the almond mushroom. Therefore, this study was conducted to investigate better commercial cultivation of A. blazei through revealing better biological efficiency and productivity by using main compost mixed with selected agro-residues.
Materials and Methods

Mushroom Strain/Fungal Culture
The A. blazei strain (KUMB 1221) was obtained from Forest Production Control Laboratory, Kyushu University. It was cultured on potato dextrose agar (PDA) previously autoclaved at 121˚C for 15 min, kept at 25˚C ± 1˚C in the dark and sub-cultured every three months. The inoculum was selected from the mycelium growth border with uniform appearance and with sectioning. 
Compost
One-year fermented horse manure bedding compost was used as a basal ingredient for producing spawn as well as substrate preparation. The compost was directly obtained from a local livestock company (Japan Agriculture (JA), Itoshima).
Substrate Preparation, Inoculation, Incubation and Casing
The compost was mixed with selected agro-residues; sawdust (hardwood), woodchips (hardwood) and corncob, in the ratio of 25%, 50%, 75% and 100% (by weight) (e.g. compost/sawdust 1:3, 1:1, 3:1, and 1:0). Rice bran and wheat bran were used as supplementary substances to increase mushroom yield and to achieve faster mycelial growth. Each mixture of the substrates was supplemented by 20% (w/w) while 100% compost substrate was supplemented by 50% and mixed thoroughly. To adjust moisture content (MC), pre-tests were conducted and it was found that 60% of MC was the best condition for mycelial growth.
Thus, the prepared substrates were adjusted to 60% moisture with tap water and the pH of substrates was measured.
The wet substrates of 700 g were added into polypropylene bags having holes on one side of the upper part (breathing patches) and 100 g were set in the petri dish for mycelial growth measurement, then sterilized both at 121˚C for 1 hr.
After that, they were moved to the wind-stream of a laminar flow hood and allowed to cool to the desired inoculation temperature. 700 g of wet substrates
were inoculated by inoculum (2%) containing mother spawn and agar cultures while 5 mm disc of agar culture was inoculated for mycelium colony diameter in the petri dishes. Inoculum was placed in the middle of each petri dish and special care was taken to keep the cylinder mycelium in direct contact with each substrate.
The bags were marked by permanent marker and were kept on the shelves in the incubation room, where the temperature was maintained at 23˚C, relative humidity at 80%, CO 2 level at 1000 ppm by automatic aeration, and were allowed to compete the whitish mycelial growth. In case of the inoculated petri dishes, they were incubated at 25˚C in the darkness. During this period, bags were shaken daily, so that fungal mycelia may uniformly be mixed and cover around the materials. After the substrates were completely colonized with the fungal mycelia, the bags were torn apart and cased with 3.5 -4 cm of local soil over the surface of the substrate by hand and kept in a fruiting environment where the temperature was maintained at 18.5˚C -21.5˚C, relative humidity at 85% and having good ventilation. Casing soil was sieved (2 mm) to remove roots and stones, then it was used without heat treatment or chemical treatments.
Daily moderate watering was done in order to keep the casing layer humid, not over-soaked until the end of cultivation. In order to stimulate cased substrate, the procedure of ruffling was conducted. Ruffling implies that the mycelium is mixed by lightly raking the casing soil layer, to get a more uniform mycelium 
Evaluated Parameters
The data was collected on colony diameter of mycelial growth, days required for spawn run (colonization), days required for primordial formation, whiteness measurement, days required for fruit body formation, number, size and fresh weight of mushrooms, biological efficiency (BE) and mushroom production (MP).
Diameter Measurement of Mycelial Growth
The mycelial growth was measured after 7 days of growth for two weeks and recorded photographically at the end of experiment. Levels of mycelial density among the treatments were compared visually and categorized by T (thin), ST (somewhat thin), Co (compact) and SC (somewhat compact).
Spawn Run and Primordial Formation
The duration required for completion of hypha spreading varies in accordance with the volume of the medium is called spawn run and primordial formation is started from the day of casing to the day when the first pins are verified. 
Whiteness Percentage
Mushroom Number, Size and Fresh Weight
The number, size and fresh weight were regularly determined during the harvesting phase. Average mushroom size was calculated as fresh weight of mushrooms (FWM) (g) divided by number of mushrooms per bag and expressed as g/mushroom. Mushrooms were harvested in the morning and later in the afternoon, when they reached the maximum size; the sides of the pileus were parallel and before the veil opened. After the uncut mushrooms were harvested, the base of each stipe was cleaned with a brush, so that they could be weighed without any soil pieces.
Biological Efficiency and Mushroom Production
Mushroom yields expressed as percentage of BE and MP. BE (%) was deter- 
Experimental Design and Statistical Analysis
A completely randomized design was adopted with three replicates per treat- 
Results
Effect of Different Substrate Formulations on Vegetative Growth, Mycelial Density and Whiteness Percentage
The results obtained for the colony diameter measurement, mycelial density and whiteness percentage on different substrate formulations of compost mixed with selected agro-residues are given in Table 1 . It was observed that the mycelial growth showed two types of mycelia according the level of mycelial density ( Figure 1 ). While substrates with 75% and 50% of sawdust, 75% of corncob, and 100% of compost supported Co level of mycelial density, other remaining treatments supported a more vigorous mycelial density as SC. Healthy and outstanding mycelium is a vital part which reflects the overall growth and productivity. At the end of experiments, the substrate containing sawdust (50%) (72.34 mm) was the best for mycelial extension followed by sawdust (75%) (62.41 mm), woodchips (25%) (62.11 mm), woodchips (75%) (61.17 mm) and woodchips (50%) (58.11 mm), sawdust (25%) (48.64 mm), compost (100%) (39.93 mm), corncob (50%) (34.28 mm), corncob (75%) (22.73 mm) and corncob (25%) (8.63 mm) respectively. There were not significant differences between woodchips and sawdust treatments, but they were significant difference from corncob treatments. Poor mycelial extension was observed in all the corncob treatments and they stood up below compost (100%).
All studied bags showed healthy white vigorous and rhizomorphic mycelia. With regard to different substrates' whiteness measurement, sawdust (50%), compost (100%) and sawdust (75%) supported the better whiteness percentage of 51.06, 50.26 and 50.13, but, there were no apparent differences among all treatments.
Effect on Spawn Run, Primordial Formation and Fruit Body Development
The duration required for spawn run, primordial formation and fruit body development depends on the substrates used and the results are presented in Table  2 . The fastest spawn run (17 days) was found in woodchips (50%) among all the different treatments while the least spawn run took 26 days in corncob (75%). Except in sawdust (25%), sawdust (75%) and corncob (75%), all remaining treatments ran spawn faster than compost (100%) (22 days). Like mycelial colony diameter comparison, it was observed that substrates containing 50:50 mixture with compost (17 days in woodchips, 18 days in both sawdust and corncob) gave more rapid spawn run than other mixtures. It can be said that mycelial colony diameter was negatively correlated to spawn run in each treatment. Counting the total days required for primordial formation and fruit body development were started after transferring fully colonized bags into the growing Values are the mean. Means followed by the same letter in the same column are not significantly different according to Tukey's HSD.
incubator and casing with local soil (Figure 2 ). The primordial formation in terms of pin heads was observed in all treatments and the duration required for primordial formation was found to be variable for treatments. Sawdust substrates promoted longer days for primordial formation and fruit body development, if compared with woodchips substrates and corncob substrates. The shortest primordial formation was observed in woodchips (25%) at 10 days, then followed by 11 days, 12 days, 13 days, 14 days, 16 days, 19 days and 28 days with corncob (75%), woodchips (75%), compost (100%), woodchips (50%), corncob (50%), corncob (25%), sawdust (75%), sawdust (50%) and sawdust (25%) respectively. These results suggested that spawn run did not necessarily reflect faster primordial formation and fruiting body development. It took 5 -7 days from primordial formation to fruit body development and was in the range of 35 -57 days for total day to the first crop.
Effect on Biological Efficiency, Mushroom Production, Weight and Size
BE, MP and size of mushroom varied widely, depending on the mushroom, substrate, and conditions. Table 3 shows the results obtained for BE, MP, weight and size using different substrates in accordance with the experimental design for almond mushroom cultivation. During the reproductive stage of mushroom, two flushes were found and almost 90% yield has been harvested during the first flush. But, not all bags produced in the second flush. Therefore, the yield data for only first flush was used to compare the effectiveness of different substrates in this study. (115.20 g, BE of 37.78%, MP of 16.46%), and they were statistically significant difference from others. Then it was followed by sawdust (50%), sawdust (75%), woodchips (50%), woodchips (75%) and corncob (75%) with a corresponding yield of 76.20 g, 76.00 g, 69.60 g, 69.00 g, and 61.00 g respectively. In each group of selected agro-residues, 100%, 75% and 50% mixture with compost were superior to 25% mixture with compost and it indicated that adding more compost gave the increased yield.
Size of fruit bodies was significantly large on compost (100%) (94.75 g) followed by woodchips (25%), sawdust (25%), sawdust (50%), sawdust (75%), woodchips (50%), corncob (25%), woodchips (75%), corncob (50%) and corncob (75%) with 40.53 g, 38.40 g, 38.10 g, 38.00 g, 34.80 g, 34.60 g, 34.50 g, 31.60 g and 30.50 g respectively. Among groups, corncob gave the smallest size of mushroom and interestingly, it was noted that mushroom size on compost (100%) was double to the mushroom size of other treatments.
Discussion
Materials for composing a mushroom substrate are diverse and plentiful. The selection of the substrate components is more critical for growing gourmet mushrooms indoors than for growing outdoors [9] . The substrates containing higher composts promoted better mycelial extension, but in our result, substrates containing 50% mixture with compost gave better mycelial extension when compared [11]. High mineral nutrients, high moisture accumulation, accumulation of toxic products, changes in factors such as pH and rise in temperature inside the substrate could be the factors which affect mycelial growth. The particle size and pore of substrates were also responsible for the more mycelium growth rate.
While the smaller particles stimulate quick growth, the larger particles encourage the mycelium to form thick and cord like strands. Substrates with larger particles present higher O 2 and lower CO 2 levels, and higher O 2 and CO 2 levels stimulate and inhibit growth, respectively [12] .
Suitable substrates lead to faster colonization and a higher density of mycelium, enhance primordial formation and fructification, and increase mushroom yield [13] . The spawn run usually takes 15 -20 days depending on climate conditions and those results are partially similar to our findings [14] . 
Conclusion
The A. blazei is an important edible mushroom and an interesting alternative one to developing countries due to its multiple advantages such as food, medicine and cosmetic uses. It was clearly showed that compost (100%), woodchips (25%) and corncob (25%) could produce higher BE and MP than others. It was also possible to obtain acceptable yields of good quality almond mushroom using substrates in different concentrations with different agro-residues, woodchips, sawdust and corncob. Furthermore, the substrates used in this study can be considered practically and economically feasible because utilization of these agro-residues is constantly available throughout the year in large quantities with low cost. However, it is impossible to produce A. blazei on non-composted substrates. Despite the observed differences among substrates, the mushroom yield obtained is still low to be economically practical in this study. The yield of the production should be improved to reach a commercial scale. Attempts to improve the yield depend on several factors such as casing soil, casing technology, optimal substrate formulations, particle size, spawn type, supplement type and the inoculum rate, the environmental factors and selection of the strains.
